The advent of fast cheap microprocessor devices has meant that digital signal processing may be the most realistic technique to provide a method of detecting the amount of fish that are ascending and descending a river. This information is invaluable to the fisheries manager. The paper describes a technique which could be the basis of a system which would afford us all the data necessary to design a practical system for use in Scottish rivers. A simulation of the technique has been carried out to determine feasibility.
Introduction
In Scotland the industry surrounding the fishing of salmon is a significant contributor to the economy of the region as a whole. In fact in many rural areas it is the main employer by direct means (sport and commercial fishing) and indirectly in the tourism created from the sport. Over the past few years it has been noticed that the amount and size of catches is going down and some measures have been taken to counter this. However, these measures which include the buying up of netting stations to allow them to go fallow and an increase of the days that netting is not allowed, are, for the majority of rivers, not based on sound scientific data. In most rivers salmon fishery management programs rely heavily on data derived from commercial and sport fishery catch returns. Fishing is allowed on Scottish rivers for less than six months of the year therefore limiting the amount of information that is obtained. In addition, there is no way of knowing how efficient both forms of fishing are and if they are consistent throughout the year, therefore, the total catch figures may not necessarily be an index of the numbers of salmon entering during the fishing season. In order that a proper fisheries management scheme can be devised the manager will have to have detailed reliable information on the number of mature adult salmon migrating up-river to spawn (their size and perhaps sex), and the numbers of juvenile salmon leaving the river.
The obvious solution to these problems is to have some sort of automatic fish counter which runs all year. There have been a number of these produced which can be split into acoustic and non-acoustic.
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It has been found that the non-acoustic counters which are practical (resistivity, electromechanical and interrupt) have two major drawbacks, first it is necessary to channel the fish through a small gap. This means that it is usually necessary to build on the river and that the behaviour of the fish cannot be thought of as typical. The second drawback is the cost inherent in installing and keeping such a device running. So far resistivity counters have been used to good effect in Scottish waters /l/ but this has been done in places where the building of Crump weirs or some channelling system was to be carried out already. It is unlikely that the cost of these mechanical systems will decrease significantly although their efficiency may increase with the use of microcomputers.
Acoustic systems
Of the Acoustics systems the two which seem most likely to provide results are the Doppler System and Echo Amplitude System. This paper is concerned with an Echo Amplitude System. These counters attempt to distinguish a fish by the reflection of acoustic waves. The technique has been refined by the use of microcomputers linked to the echo sounder system. This allows tracking algorithms which can group echoes returning from the same target which when averaged give an excellent estimate of the fish target strength. Research in target strength analyses has brought these systems to a position that at least in a closed environment (inside trash racks inside the turbine gallery of a hydroelectric dam) misclassification of noise or non-f ish targets is not seen as a serious problem
This system is perhaps the closest to a working sonar system that has been designed so-far for use in the type of river conditions found in Scotland. These systems however cannot give a good measure of direction that the fish are travelling in (being at the best limited to up or down and down stream moving fish are not included in subsequent analyses / 3 / ) which means that the behaviour of the fish cannot be monitored and that the position of the beam relative to the swim pattern of the fish is crucial to the effective operation of the device. These devices have also been designed for use in closed environments or the type of broad deep rivers where salmon are found in Alaska. These conditions are not the same as the rivers in Scotland which are almost all shallow and turbulent in comparison. Therefore a more effective system for classification of real targets is needed as well as a way to monitor fish behaviour in order that descending fish can be classified accurately.
An eigenfilter approach to adaptive array processing is one technique which may enable us to design such a system. This is one of several techniques appliedto the processing of adaptive array data for obtaining high-resolution maps of the power distribution of radiation incident on a fixed array of sensors / 4 / .
The eigenfilter directional spectral estimation (DSE) technique has been proved to offer tolerance to a correlated source field and to provide extremely good resolution of closely spaced correlated sources over a large SNR ranqe offering a promising method for the separation of multipath signals --/5/ Spatial spectral analysis deals with time-domain observations of an incident power field at points in space defined by the geometry of the array. For a narrowband system operating in a plane, the incident field may be described as a single argument s(a) where a is the bearing subtended between the arrival direction and the normal to the array. The eigenvector technique assumes a field model of (N-l) or less radiating point sources in spatially white noise (where N is the number of sensors). The indication of source direction is given in these conditions by the auto-regression spectrum / 4 / .
This spectrum has been shown to have strong peaks in the source direction and theoretically infinite resolving power if the data model is valid / 4 / .
A computational efficient algorithm for adaptive on-line estimation of such an eigenvector has been described /4/ which minimises the cost function.
Where W = [w~,w2,. . . . . . . ] is an N length complex weighting vector which weights the N sensor data and R is the observed signal-plus-noise covariance matrix. This optimisation can be carried out using a gradient descent based algorithm. Simulation
The signal input to the array of sensors is described by a set of P point sources in a sea of background noise
Where gm(k) is a narrow band sequence representing the time evolution of the P point sources, e(k) describes the noise vector and Dm(a) describes the phase shifts at each sensor due to a signal in direction/bearing a and is given by
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where d is the sensor spacing in wavelengths.
To simulate this signal gm(k) the echo amplitude was considered to be Rayleigh distributed with a target strength probability function /6/ where t = argument of the random variable TS; a = the single Rayleigh parameter; k2= 20 log e; CO= a system dependant constant; ~h < s was modelled with a mean side aspect target strength of -25.1 dB and a standard deviation of 5.1 dB which is consistent for the target strength expected from a 52 cm salmonid /6/. The power of the transducer was taken to be 1 kW. The simulation was run allowing for a noise power level of 1 W (low SNR) which is around 5 dB. The receiver and background noise on each sensor being set at 0 dB.
The simulation was done for a 420 kHz transducer, at this frequency fish directivity assumes omnidirectional characteristics /6/. The noise signal e(k) was taken to be Gaussian. D(&) was varied according to expectedd direction of arrival of the fish. 
Discussion
This simulation shows the detection of up to 5 fish at different bearings to the array. In Fig 1 the directions are -77 , -45, 0, and 53 degrees. For Fig  2 at -72, -42 , 0, 12, and 56 degrees. It can be seen from both ~i g 1 and ~i g 2 that this technique has a tolerance to high noise environments. It is envisaged that the processing of the data would have to be done off-line but as the data is seldom needed in real time this is not seen as a limiting factor to the working of the system. The peak heights bear no relationship to incident power. Estimates of the source power may be extracted by a least squares fit to the array data /7/. The placing of the array of sensors and transducer could be crucial to the operation of the system as a rough uneven bottom of the river could screen fish. Likewise the amount of sensors in the array will reflect the quantity of salmon that are expected to pass at peak times (fish+l sensors required). It would be hoped that the software processing of the data wou.ld be able to give size and direction and also analyse the behaviour of the migrating fish. It is conceivable that some form of artificial intelligence system could be designed to help differentiate fish from spurious targets. Thus enabling the system to be used to detect descending fish. Initially, however, it is thought that techniques used at present for single beam target strength extraction and the filtering properties ofthe eigenfilter techniques would suffice to at least allow us to detect ascending fish and avoid repeatedly counting any fish which are staying in the area.
